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The  material  in  this  report  consists  largely 
of  unpublished  data  and — be  kept— e-onf ident ia! 
It  is  made  available  in  its  present  form  for  the 
convenience  of  the  various  State  and  Federal 
Agencies  concerned  with  the  preservation  of  stored 
grain  from  insect  damage. 
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WHEA.T  STORAGE 


Studies  on  the  Fluctuations  of  Insect  Populations  in  Wheat 
Stored  under  Different  Systems  of  Bfanagement* 


The  study  on  the  fluctuations  of  insect  populations  in  wheat 
stored  in  Bver-Normal  granary-type  bins  has  been  continued  during  the 
quarter.  Five-probe  samples  were  taken  at  bi-weekly  or  monthly  in- 
tervals from  the  upper  southwest  quadrant  of  40  bins  in  the  Manage- 
ment Series*  and  the  number  of  insects  by  species  was  determined  for 
each  sample.  A summary  of  the  data  obtained  during  the  current  year 
is  given  in  table  1.  The  lesser  grain  borer  (Rhyzopertha  dominica  F.) 
and  the  rice  weevil  (Sitophilus  oryza  ) are  olassecJ  as  "weevil s^*^ 
and  all  other  species  are  oomBined  as  '^bran  bugs^% 

It  may  be  noted  from  table  1 that  fumigation  in  August  failed  to 
give  protection  in  bins  of  1000  bushels  capacity*  but  in  2740-bushel 
bins  this  practice  was  effective. 

The  comparative  abundance  of  the  different  species  at  various 
times  during  the  current  year  is  given  in  table  2#  The  percentages 
of  the  various  species  were  calculated  from  the  numbers  observed  in 
the  periodic  samplings  of  the  bins  in  the  Management  Series.  It  may 
be  noted  from  table  2 tKat  eleven  species  of  stored  grain  insects 
were  taken  during  the  year*  but  that  five  of  them  congjrised  about  99 
per  cent  of  the  total  number  of  insects  recorded. 


■i  II— I — I >i^.,  I ■ a I,  II  ,11  , Bin.  I ■■  ■■!  I I—..I  ■■  ■■  ■■■■■■■  ■■  ■ 

♦ — Reported  by  H.  H.  Walkden*  U>  S.  Department  of  Agriculture*  Bureau 
of  Entomology  and  Plant  Quarantine  in  Cooperation  with  the  Bureau 
of  Plant  Industry*  Soils*  and  Engineering. 
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* Bran  bugs:  all  species  except  the  weevils*  T = Grain  turned  and  cleaned 
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The  condition  of  the  wheat  In  the  Management  Series s as  the  bins 
entered  the  winter  is  given  in  the  following  tabulation; 


Management  Praotioe 


Number  of  insects  per  1000- 
gram  sample*  Deo*  1*  1945 
Weevils  Bran  bugs 


1000-bushel  bins 


1*  Fumigation  in  August  and  October  0 

2.  Turn*  clean*  and  fumigate  in  September  0 
3*  No  treatment*  9.39^  moisture  content  1*8 

4.  Fumigate  in  Septeiriber  2*8 

5*  Walls  and  roofs  painted  white  2.8 

6.  Fumigation  in  August  51.8 

7.  No  treatment*  11.5^  moisture  content  46*2 


2740-bushel  bins 


0 

0 

0.4 

1.4 

13*0 

40.9 

146.6 


1.  Fumigation  in  August  and  October 

2.  Turn*  clean*  and  fumigate  in  Septejs^er 

3.  Painted  white  and  grouped  for  shading 

4*  Walls  and  roofs  painted  white 

5*  Fumigaticn  in  Septenfcer 

6.  Fumigation  in  August 


0 

0 

oa 

0.1 

0*5 

0.9 


0 

0.5 

1.2 

11.7 

0.1 

0*2 


Most  of  the  wheat  in  the  Management  Series  has  now  been  under 
observation  through  five  seasons*  and  the  results  leave  no  doubt  that* 
for  purposes  of  long-t'ime  storage*  fumigation  twice  per  year*  in 
August  and  Octobor#  is  the  most  efficient  method  of  preventiiig  the 
development  of  serious  insect  infestation®  Although  the  method  of 
turning*  cleaning  and  fumigating  annually  in  September  is  e^ual  in 
effectiveness*  the  added  cost  of  turning  and  cleaning  is  not  justified. 


Fumigation  annually  in  September  has  the  advantage  of  reducing 
fumigation  expense*  but  the  rapid  development  of  insects  daring 
August  and  early  September  causes  some  inceot  damage  in  the  wheat* 
particularly  along  the  south  wall.  Experience  has  shown  that  those 
bins  in  which  small  centers  of  infestation  have  developed  are  more 
subjecc  to  subsequent  infestation#  than  those  in  which  the  insect 
population  has  been  kept  at  a low  level  continuously. 

painting  the  walls  and  roofs  white  has  prevented  the  development 
of  serious  insect  populations*  but  during  the  current  year  the  numbers 
of  insects  approe.ohed  the  danger  point. 
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Study  of  the  Migration  of  Stbrdd  Grain  Insects 
by  Means  of  Bin  Ventilator  Traps 


During  the  past  season  bin  ventilator  traps  were  employed  again 
to  study  the  rate  and  kind  of  insect  migration  into  ^«dieat  stofed  in 
steel  bins*  The  bins  were  tightly  calked  at  all  roof  and  wall  joints 
except  the  ventilators#  whioh  were  fitted  with  traps  to  retain  the 
insects  entering  in  this  way*  A total  of  six  bins  were  observed > 
three  with  walls  and  roofs  painted  white#  and  three  with  gal-vanited 
walls  and  roofs*  The  traps  were  in  operation  from  July  1 to  November 
17  when  two  of  the  bins  were  emptied*  The  remaining  traps  wore  kept 
in  operation  until  December  16#  and  migration  into  them  continued 
until  the  week  ending  December  7.  The  oatohes  were  examined  at  ap- 
proximately weekly  intervals  throughout  the  season#  and  number  and 
species  of  stored  grain  insects  were  recorded*  The  results  are  sum- 
marized in  tables  3 and  4* 

For  the  comparable  period  July  1 to  November  17#  during  whioh 
all  of  the  traps  were  in  operation#  a total  of  6257  insects  were 
captured#  about  two-thirds  of  them  in  the  unpainted  galvanized  bins# 

The  period  of  greatest  migration  occurred  during  September  and  October* 
When  this  study  was  begun#  it  was  expected  that  inseot  migration  into 
the  white  bins  would  be  uniformly  less  than  that  into  the  unpainted 
galvanized  bins#  due  to  tho  lower  temperatures  prevailing  in  the 
former  group*  As  may  be  seen  in  table  3#  this  did  not  prove  to  be  the 
case*  The  total  catch  in  two  of  the  white  bins  exceeded  that  in  two 
of  the  unpainted  bins*  Since  no  differences  due  to  the  location  of 
the  bins  or  condition  of  grain  were  observed#  it  is  conoluded  that  in- 
sect migration  into  the  traps  wap  due  largely  to  chance. 

The  heavy  migration  of  inseots  whioh  occurred  during  Septenber 
and  October  accounts  for  the  rapid  re-infe station  of  the  bins  in  the 
"Fumigation  in  August"  series* 

A total  of  ten  species  of  stored  grain  insoots  were  taken  in  the 
traps  during  the  season.  These  are  listed  in  table  4#  together  with 
their  distribution  in  the  several  traps.  As  may  be  noted  in  table  4# 
the  saw-toothed  grain  beetle  was  taken  in  greatest  numbers  in  both 
types  of  bins.  This  species  is  not  known  to  fly#  henoe  those  enter- 
ing the  traps  had  to  walk  up  the  outside  walls  and  roofs  of  the  bins# 
and  through  the  ventilator  openings?  The  lesser  grain  borer  was 
taken  in  muoh  smaller  numbers  in  tho  painted  bins  and  observations 
in  past  years  have  shown  even  greater  differences  in  this  respeot* 

It  would  thus  appear  that  the  use  of  white  paint  on  steel  bins  is  an 
important  factor  in  reducing  tho  hazard  of  lesser  grain  borer  infes- 
tation in  wheat  stored  for  long  periods* 
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Table  3.— Number  of  Insects  entering  ventilator  traps  in  white  and 
galvanized  steel  binsj  Hutchinson*  Kansas*  1945* 


Date*  1945 

painied  whiie 
Bin  numbers 
1-6  1-2  4-8 

Tis; 

Total 

insects 

Urpainted  ga“’lven:‘ 
Bin  numbers 
1-7  4-9  3-8 

.sed  bins 
Total 
insects 

July  2-9 

1 

1 

4 

6 

3 

7 

0 

10 

July  9-16 

0 

0 

17 

17 

10 

16 

0 

26 

July  16-23 

6 

1 

X6 

23 

25 

25 

41 

91 

July  23-30 

6 

2 

13 

21 

18 

54 

46 

118 

July  30-Aug*  6 

2 

9 

18 

29 

19 

30 

51 

100 

Aug.  6-13 

2 

3 

3 

6 

32 

37 

65 

. 134 

Aug.  13-20 

11 

12 

14 

37 

22 

38 

44 

104 

Aug*  20-27 

. 1 

6 

23 

30 

33 

38 

41 

112 

Aug^  27-Sept.  3 

6 

13 

24 

43 

25 

82 

125 

232 

Sept*  3-10 

. 9 

25 

37 

71 

34 

65 

215 

314 

Sept.  10-22 

1 

51 

49 

101 

7 

13 

199 

219 

Sept.  22-29 

3 

96 

114 

213 

14 

41 

703 

758 

Sept.  29-Oct.  6 

1 

30 

170 

201 

11 

67 

495 

573 

Oct.  6-13 

6 

132 

317 

455 

17 

87 

339 

443 

Oct*  13-20  * 

1 

121 

235 

357 

37 

65 

297 

419 

Oot.  20-27  0 * 1 

1 

45 

43 

69 

4 

29 

50 

83 

Oct*  27-Nov*  3 

0 

66 

79 

145 

8 

14 

360 

372 

Nov.  3-10 

1 

31 

21 

53 

12 

12 

45 

69 

Nov.  10-17 

0 

74 

41 

115 

0 

31 

15 

46 

Totals 

58 

718 

1238 

2014 

331 

771 

3121 

4223 

Per  cent  of  tbtal 

0*9 

11*5 

19.8 

S2.3 

5*3 

12*4 

50.0 

67.7 

Table  Cos^ar at ive.  abundance  of  the  species  of  stored  grain  insects  taken 

in  ventilator  traps  in  white  and  galvanized  bins*  Hutchinson* 
Kansast#  1945* 


fotal  catok  ' 

White  bins  Galvanized  bins  Total 

Bin  numbers  Bin  numbers  all 


Bpeeles 

1^6 

1-2 

• 4-6 

Total 

1-7 

4-9 

3-8 

Total 

bins 

Saw-toothed  grain  beetle 

6 

5 

1021 

1032 

73 

300 

2688 

3061 

4093 

Flat  grain  beetle 

20 

02 

110 

192 

140 

216 

228 

683 

775 

Red  flour  beetle 

4 

559 

4 

667 

2 

10 

16 

28 

595 

Lesser  grain  borer 

16 

18 

76 

110  ‘ 

90 

209 

163 

462 

672 

Densest  ids 

1 

1 

10 

12 

7 

27 

21 

55 

67 

Hairy  fungus  beetle 

7 

0 

12 

19 

12 

5 

3 

20 

59 

Rioe  weevil 

0 

35 

3 

38 

0 

0 

0 

0 

38 

Indian  meal  moth 

0 

36 

0 

36 

0 

0 

0 

0 

36 

Foreign  grain  beetle 

3 

1 

0 

4 

6 

0 

2 

8 

12 

Long-headed  flour  beetle 

1 

1 

2 

4 

1 

5 

0 

6 

10 

Totals 

66 

718 

1238 

2014 

331 

771 

3121 

4223 

6237 
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Contx*bl  oi*  Insect$  in  Stored  Grain  by  !feani 

of  Interior  Wall  Treatments 


As  ihdioated  in  previous  reports » the  walls  of  67  wobden  farm 
grknafies  have  been  treated  with  various  materials  to  control  stored 
gi^din  insoots#  especially  those  species  which  bore  into  the  walls* 

The  bins  were  sampled  shortly  after  they  were  filled  with  the  1945 
crop>  and  again  during  October*  Observations  were  made  oh  the  degr^ne 
of  insect  infestation^  the  amount  of  insect  damage#  moisture  content 
of  the  gfdin*  and  any  other  points  pertaining  to  the  effectiveness 
of  the  various  treatments*  Samples  were  taken  in  the  surface  gfhin^ 
the  center  of  the  bin#  and  next  to  the  walls  in  order  to  detect  any 
differences  in  inseet  infestation  and  damage  in  various  portions  of 
the  grain^  i summary  of  these  data  is  given  in  table  5.  The  flgureH 
for  moisture  content  and  inseot  infestation  are  the  means  of  all  the 
sample  values  from  the  bins<  After  observing  the  enormous  numbers 
of  insects  which  were  killed  in  the  bins  immediately  after  treatment 
with  DDT»  it  ^s  surprising  to  find  Idiat  some  of  them  developed 
fairly  large  Inseot  populations  during  the  season.  It  is  realised 
that  the  various  bins  are  not  directly  comparable#  due  to  the  wide 
variations  in  original  infestations*  However#  as  may  be  noted  in 
table  5#  the  average  infestation  in  the  treated  bins  was  well  below 
the  average  for  the  untreated  checks. 

In  addition  to  the  moisture  and  infestation  data#  observations 
were  made  on  the  amount  of  damage  caused  by  insects  during  the  4»» 
month  period  of  storage  from  the  time  of  filling  the  bins  in  July  to 
the  end  of  October.  One-ounoe  samples  were  cut  from  the  1-quart 
Infestation  sauries  and  examined  for  inseot  damage.  The  per  cent 
damage  was  calculated  on  a weight  basis.  The  results  in  9 bins  re-» 
ceiving  wall  treatments  and  in  one  untreated  check  bin  are  given  in 
table  6.  It  may  be  seen  from  the  table  that  during  the  first  four 
months  of  storage#  some  insect  damage  to  the  wheat  occurred  in  all 
of  the  bins.  In  general#  the  greatest  injury  was  noted  in  the  sur- 
face grain#  The  damage  consisted  almost  entirely  of  the  oonsunq>tlon 
of  the  germ. 

The  DDT  oil  emulsion  and  the  water  suspension  powder  were  sup- 
plied by  the  Grasselli  Chemicals  Department#  B.,  I*  duPont  de  Nemours 
k Company. 

The  Thanite  and  Thanlsol  were  supplied  by  the  Hercules  Powder 
Company.  Thanisol  is  a water  miscible  formula  of  Thanite q, 
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Tftbl©  -Results  of  interior  wall  treatments  for  control  of  insects  in 
farm  stored  grain#  Reno  and  Stafford  Counties#  Kansas.*  1945.* 

■ - V '-jin' ’ i'  'ri  ' J -1  hXi^fi  ' f*i  L.  --ri'-  -‘I  - - -|  I ■ ■ ■ ■ - ■ ■ ■■■I - , 

July  sair^ling  October  sti.iiipling 
No*  of  No.  of 


-ji 

Number 

insects 

insects 

Kind  of 

of 

Moisture 

par  M. 

Moisture 

per  M. 

Cooperator 

Bin  grain 

bushels 

per  cent 

Grams 

per  cant 

grams 

DDT# 

5%  solution  in 

deobase 

oil 

' ' 

■ > 

R*  Dade 

svr  Oats 

850  ,, 

1 

12.4 

1#6 

12,4 

1.3 

Bacon 

5W  Barley 

400 

12.2 

z.r.  ,• 

12,6 

2.7 

R#  Dada 

NB  ^Vheat 

600 

11.8 

0*1 

11.2 

£«  Swanson 

E Wheat 

1000 

13.6 

0.2 

13.  S 

11.7 

OXdenettel 

W Wheat 

200 

12.2 

2.0 

12.2 

32.0 

Average 

# 5 bins 

l'.3  * 

' 

11.8 

DDT# 

^0  solution  in  deobaso 

oil 

Snodgrass 

SB  Wheat 

860 

13.1 

0 

12.5 

,2.7 

Snodgrass 

svr  Wheat 

850 

12.7 

0 

12.2 

5.2 

Dade 

W Wheat 

260 

11.6 

la 

11. 4f 

8.0 

Coberly 

NB  Wheat 

650 

12.5 

0 

13.5 

9.0 

R«  Dade 

NC  Wheat 

. 600 

11#4 

0.4 

11.2 

16.5 

Average 

# 5 bins 

' - 

0-3  . 

8 a 

DDT, 

IS  solution  in  doobase  oil 

Wall at en 

W Wheat 

550 

12.9 

0.2 

13.4  ' 

3.3 

R.  Dade 

mr  Wheat 

600 

13w2 

0.6 

12.2 

13.4 

Average 

* Z bins 

0.4 

6.4 

DDT# 

0.5^  solution  In  deob^se  oil 

— ... 

Gilmore 

EC  Wheat 

200 

12.1. 

0 

12.3 

0.7 

DDT# 

1^  in  oil  emulsion 

Gilmore 

E Wheat 

600 

12.2 

0.3 

‘"12.2 

0.7 

W«lte 

BC  Wheat 

360 

11.6  , 

1.3 

10.6 

16.0 

Average 

# 2 bins 

' • • 

*' 

0.6 

8.4 

DDT# 

0#5^  in  oil  emulsion 

Gilmore 

WC  Wheat 

260 

12.0 

.0 

11«.8 

0.7 

(ooatinued) 
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?4bl6  5 (continued) 


, . - 

July  san^ling 

. Ootober  sampling 

No.  of 

No,  of 

‘ Number 

insects 

inseots 

Kind  of 

‘ of 

Moisture 

per*  M. 

Moisture 

per  M. 

Cooperator 

Bln 

grain 

bushels 

Per  cent 

grams 

per  cent. 

grams 

SDT.  BH 

V 

! In  water  suspension 

Rayl 

KS 

Wheat 

600 

12.6 

0 

13.2 

2.0 

Danford 

W 

Oats 

475 

16.0 

1.8 

14.3 

ZQ.1 

Goodenough 

N 

Wheat 

1050 

14.0 

0.3 

14.2 

24.3 

Average# 

3 bins 

1.1 

-”»r. 

16.7 

DDTf  ^ 

in  water  su 

^pension 

Am 

V-  . 

Danford 

WC 

\T|heat 

480 

12.6 

0 

12,6 

6.3 

Goodenough 

sw 

^^eat 

500 

12.9 

0.3 

" 12.8 

13.7 

Sohule 

B 

Wheat 

1100 

12*7 

0.9 

12.6 

18.3 

Average 1 

3 bins 

0.6 

12.8 

0 

SDTr 

in  water  suspension 

• * 

>i  - 

<• 

Sohuls 

W 

Yifheat 

575 

13.1^ 

6.0 

12.6 

2.0 

Keller 

$w 

Wheat 

400 

12.2 

0 

*12.7 

S.3 

Keller 

m 

Wheat 

800 

13.2 

1.3 

13.3 

3.7 

Rayl 

SE 

Wheat 

625 

■'•13.3 

0.7  . ' 

12.5 

4.7 

Goodenough 

SB 

Wheat 

500 

12.9 

0.4 

12.7 

6.1 

Danford 

C 

Wheat 

480 

12.1 

0.2 

12.0 

6.8 

Average* 

6 bins 

< 

1.4 

4.1  * 

DDT#  0e6JJ  in  water 

suspension 

■ 

' ■ s;  '/ 

''’t  , V. 

Gilmore 

W 

Wheat 

800 

12.0 

1.1 

12.4 

0.7 

Vi'a  listen 

8 

Wheat 

■*  700 

12.6 

0 

12.5 

1.3 

Peirce 

BC 

Wheat 

1700 

12^1 

1.7 

12,6 

2.0 

Danford 

EC 

Wheat 

300 

12.3 

0 

12.3 

■ " 2^8 

Average* 

i bins 

9 

0.7 

1.7 

DDT>  3f( 

; Thanite#  5^  solution 

in  deobase 

oil 

Pennington 

SE 

Wheat 

675 

13.7 

0 

13«1 

4.0 

VTa  listen 

C 

Wheat 

700 

Ii.9 

0.1 

- 12.3 

8.0 

Average#  1 

2 bins 

0.1 

6.0 

Thanite 

# IQ^  in  deobase  oil 

Snodgrass 

Wheat 

850 

12.8 

0.3 

12.9 

8.8 

Be  Swanson 

EBC 

Wheat 

1600 

12.3 

2.6 

12*3 

13.0 

Snodgrass 

NE 

Wheat 

860 

12.3 

1.0 

12.3 

23.2  1 

Average#  ; 

3 bins 

1.4 

15.0  I 

(continued) 
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Table  5 (continued) 


July' saB^Ting'  ' Oct ofcer  sampling 


Noo  of 

No.  of 

Number 

Insects 

Insects 

Kind  of 

of  Moisture 

per  Mo 

Moisture 

per  M. 

Cooperater  Bln  grain 

bushels  Per  cent 

grams 

Per  cent 

grams 

Th>nisol»  1<^  in  water  eaulaion 


Wallsten  B Wheat 

776  - 

12  #7 

0 

12^ 

10.0 

WhitewashA  Z coats 

- 

.-V 

Bacon  NW  Hi^eat 

200 

14.6 

0#8 

14,6 

6.0 

Goodenough  5 Wheat 

460 

12.2 

9.7 

Average#  Z bins 

^aa 

7.9 

White  iLead  paint » Z < 

coats 

- 

Bacon  N2  Wheat 

200 

18. r 

10.6 

13#6 

4#7 

V i 

Red  barn  paint#  Z coats 

P.  Dade  KE  Wheat 

900 

12.0 

1.6 

12.2 

18.8 

HodgSMi  W Wheat 

726 

12.7 

X.6 

12.4 

28.7 

Average#  2 bins 

1.5 

23.8 

Asphalt  paint  (trade 

name  '•Ebanol”) 

P.  Dade  $S  Wheat 

\e 

826  = 

12,2 

0w6 

13.9 

12.0 

creosote  (applied  by 

coope^ator ) 

r 

teller  SB  Wheat 

dOO 

12.9 

■ 1#5 

11.8 

5.0 

Keller  KB  Wheat 

660 

12,1 

2»7 

11.8 

14.0 

Average#  2 bins 

2#0 

8.5 

No  treatment  (check  blns)«w 

U » V. 

G*  Swanson  TS  Wheat 

I860 

mm 

12  eS 

12^0 

Coberly  NW  Cats 

600 

11.8 

2.8 

12,1 

17.0 

E«  Swanson  WBC  Wheat 

1000 

11.1 

10.0 

11.1 

26.6 

Dixon  s Gate 

100 

•• 

10.9 

80.0 

Bixon  N Wheat 

100 

mm 

12.8 

83.0 

Dixon  S Wheat 

700 

— 

16.6 

106.0 

Dixon  EC  Wheat 

500 

mm 

12.6 

244.7 

Average#  7 bins 

mm 

81.4 
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Table  6»**Anount  of  insect  damage  to  wheat  stored  in  wooden  farm 
granaries  with  different  wall  treatments*  Reno  County* 
Kansas*  1945* 


Cooperator  Bin 

Amount 

Center 

of  insect  damage* 
» Location  of 
North 

Surface  Wall 

par  cent  by  we 
sample 

East  South 

wall,  llhll 

igh-b 

W.st 
• Wall 

DDT*  If  solution  in 

deobase 

Oil 

: -.•V 

R.  Dade  NW 

1.25 

6.26 

mtm 

2.83  ***?• 

DDTh*  3^  solution  in 

deobase 

oil  . 

R*  Dade  NC 

0,66 

— 

1.33 

DDT*  5^  solution  in  deobase 

oil 

• 

R«  Dade  NR 

0-66 

2.74 

0.87 

Oldenettel  W 

3.08 

2wOO 

1.84 

1.76  2,76 

3.16 

DDT*  1%  oil  emulsion 

WeXte  BC 

1.95 

3.25 

«»«» 

6^^  V 1.67 

• • 

DDT*  water  suspension 

^ T,  - . 

Keller  . SW 

0.42 

1<.25 

orifi  " 

¥ 

0.42  0.28 

0.49 

Ooodenough  SE 

1.21 

1.66 

1.46 

0^69 

0.42 

DDT-  3^  w*\ter  suspension  l 

V i ’ r ' -*  A . “ ‘ ' a . 

i‘*  ' -•  •'»  ti-  i 

• ai  • 

Goodenough  ' SW 

1.86 

.3.89 

0.93 

0.28  ' 0.83 

DDT*  S%  water  suspension 

a 

Goodenough  N 

0.28 

5.06 

0*97  ' 

0*35 

•7* 

No  treatment  (check  bin^ 

Swanson  WBC 

0.14 

3.07 

3.44  t 

^3.87 

' 

15- 


Experiment&l  Fumigati«a  of  Wheat  and  Other  Stored 

Grains 


During  the  past  quarter » 30  bins*  totalling  approximately  48p000 
bushels  of  grain#  were  fumigated  experimentally.  These  fumigations 
were  oonoerned  with  the  evaluation  of  ethylene  dibroaide  as  a surface 
toxioant  in  Idle  control  of  surface  infestations  in  stored  grain* 
Carbon  tetrachloride  and  the  3il  mixture  of  ethylene  dichlorido  - 
carbon  tetrachloride  were  used  as  controls*  For  this  work#  bins  were 
chosen#  as  far  as  possible#  in  which  heavy  surface  Infestations  were 
present.  The  results  are  autmoarized  in  table  7* 

In  wheat#  all  of  the  mixtures  containing  5 per  cent  of  ethylene 
dibromide  gave  good  Burfaoe  kills#  The  overall  kills  were  satis*^ 
factory  for  all  of  the  mixtures  with  one  exception;  namely#  the 
material  containing  ethylene  dlbromide?  5^;  3tl  mixture  of  ethylene 
diohloride  • carbon  tetrachloride « 

In  sorghum#  poor  results  were  obtained  at  twice  the  dosage  used 
in  wheat.  This  is  in  line  with  past  experience  with  grain  sorghum* 
Recently#  Several  bins  of  grain  sorghum  have  been  put  in  storage  at 
the  Hutchinson  Bln  Slte^  and  it  is  hoped  that  fumigation  dosages  can 
he  established  during  the  coming  summer  season*  * 
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Table  7 • *»*SuinsQary  of  results  of  fumigatioti  of  grain  stored  in  steel  and 
wooden  bins«  Hbtohlnson*  Kansas#  Ootober-Decethber#  19454 

Notes  All  bins  contained  stored  wheat  except  as  Indicated  in  the 
table* 


Bln  No. 

Capy. 

iMiL 

Date  .. 
^ijreated.* 

Dosage 
(gals* ) 

Test 

probes 

Per  cent  Mortality 
Surface  Natura 

Cap-  Overall  popula 

s^les  : ..kill  . tioh 

1 > STBBL  BIK8 

Carbon  tetrachloride 

S-13 

1000 

loA 

2 

99 

97 

99 

83 

4<*12 

1000 

lO/l 

2 

98 

97 

98 

97 

11-10 

2740 

xo/i 

2 

100 

100 

100 

99 

7-3 

2740 

xo/x 

2 

sees 

«»«» 

88 

7-4 

2740 

lo/i  . 

"2  ' 

— — 

— 

— — 

89 

11-11 

2740 

xo/x 

2 

ia»s» 

— 

‘ xoo 

Ethylene  dichloride ^ 75^ s Carbon  tetrachloride 

. 26^ 

1000 

xo/x 

4 

81 

100 

86 

100 

6-9 

2740 

xo/x 

4 

95 

100 

96 

xoo 

6-10 

2740 

xo/i 

4 

4 

mm 

mm 

100 

Ethylene  dibromide* 

Carbon  tetrachloride* 

1-16 

1000 

XO/2 

2 

99 

100 

99 

98 

7-XO 

2740 

xoA 

2 

99 

100 

99 

90 

l/Z-7* 

1000 

XO/2 

3 

89 

99 

93 

92 

Ethylene  dibromide*  IQi 

1 Carbon  tetrachloride* 

9C5J 

■ 

2-16 

1000 

lo/z 

2 

100 

98 

99 

99 

Bthylene  dibromide#  5^;  3sl  mixture  JEthylene  di chloride  * 
ferboh  •fcetrachloriie#  " 


5—8 

2740 

10/3 

2 

46 

ioo 

63 

93 

7-2 

2740 

xoA 

3 

97 

100 

96 

100 

X/^-8* 

1000 

xo/fe 

3 

58 

100 

74 

95 

Ethylene  dibromlde#  5^;^hy^ene  dlchlorldet 
Carbon  tetrachior Ide  / 


3-16 

1000 

XO/8 

1 

62 

67 

64 

30 

4-13 

1000 

10/8 

2 

92 

100 

95 

86 

4-16 

1000 

10/8 

2 

96 

100 

98 

87 

10-7 

2000 

xoA 

2 

99 

100 

99 

96 

10-8 

2000 

loA 

2 

99 

100 

99 

100 

♦ - These  bins  with  perforated  steel  floors  on  2^  x 4^  joist* 

(continued) 
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Tabld  7 (continued) 


Bin  No. 

Capy^ 

(bu.) 

Dosage 

Date  mAu  . 

treated  (gals») 

Test 

probes 

Per'^'oent  Mortality 
Surface  Natural 

Cap-  Overall  popula- 

sules  kill  tion 

Grain  sorghum  in  mechanically  ventilated  bins  with  perforated 

floors. 

Carbon  tetraohlo|*ide 

4-lee 

1000 

10/8  4 

41 

91 

64 

27 

Ethylene  dibromide*  h%%  Carbon 

tetrachlcrida?^ 

9S5J 

4-2  ♦*. 

1000 

10/8  4 

V 

33  ' 

97 

56 

43 

Bthj 

/“lene  dlbromide#  Ethylene,  diohloride# 

365Ji 

> Carl 

ion  tetraohio)^  ide#  60% 

4-3*^ 

1000 

lo/s  4 

47 

61 

58 

60 

II  *•  WOODEN  BINS 

Carbon  tetrachloride 

13-5 

1500 

10/3  3 

99 

99 

99 

100 

Ethylene  dichloride#  755^ s Carbon  tetrachloride « 255{ 

13-6 

1500 

10/3  3 

67 

100 

80 

78 

13-10 

1500 

10/^7  4 

— 

93 

Ethylene  dibromide#  Carbon  tetrachloride# 

13-9 

1500 

lO/s  3 

99 

100 

95 

95 

Ethylene  dibromide#  5^;  3j1  mixture  Ethylene  dichloridc 

i - 

Carbon  tetrachloride#  95% 

13-10 

1500 

10/3  3 

50 

99 

89 

69 

Ethj 

^lene  dibromide#  5%j  Ethylene  diohloride#  36%; 

iart 

)on  tetra 

oh? or i do#  60% 

13-11 

1500 

10/3  3 

96 

100 

99 

99 

♦*  - These  bins  contained  600  bushels  of  8or^vim« 
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Effect  of  Chemical  Duets  on  the  Prevention  of  Infestation 

of  Bagged  Wheat* 


To  test  the  effect  of  various  ohemioal  dusts#  applied  directly 
to  wheat#  upon  the  prevention  of  infestation#  lots  of  500  grams  of 
wheat  were  exposed  to  heavy  populations  of  the  various  common  grain 
insects.  Wheat  with  a moisture  content  of  was  treated  with  the 
various  chemical  dusts#  as  listed  in  table  bagged  and  exposed  to 
infestation  in  a metal  tank.  The  bottom  of  the  tank  ws  covered  with 
a layer  of  wheat  heavily  infested  with  a variety  of  stored  grain  in- 
sects* After  an  exposure  period  of  three  months#  the  wheat' was  examined 
and  the  number  of  live  and  dead  insects  counted*  The  results  of  this 
examination  appear  in  table  8.  .It  will  bo  noted .that  none  of  the 
treatments  prevented  insects  from  getting  into  the  bags  of  wheat#  but 
in  most  oases  the  insects  apparently  died  soon  after  ocm?ng  in  oontaot 
with  the  treated  wheat.  The  fact  that  the  check  lots  shewed  no  heavier 
infestation  than  most  of  the  treatment/  indicates  that  the  rapid  drying 
out  of  the  wheat  greatly  affected  the  results.  Since  these  test  lots 
were  kept  in  the  attic  where  the  humi«Uty  of  the  air  has  been  quite  low# 
it  is  quite  likely  that  the  wheat  had  dr?.ed  out  to  a rather  low  mois- 
ture content* 

’ V "5 

All  treatments  are  still  being  held  for  future  observations. 

Three  treatments  were  included  in  this  series  in  which  only  the 
bags  were  treated.  The  bags  were  dipped  into,  the  designated  solution 
and  allowed  to  dry  before  filling  v;ith  wheat.  In  these  treatments 
some  insects  were  able  to  penetrate  the  bags  but  died  after  getting 
into  the  wheat. 

No  reproduction  and  practically  no  damage  to  the  wheat  was  noted 
in  any  of  the  treatments. 


-I——  II  .■.nil  1.^1  j 

♦ - Reported  by  R.  T.  Cotton  and  Prankenfeld#  Bureau  of  Entomology 

and  plant  Quarantine. 
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Table  8.— Effect  of  chemical  dusts  on  the  prevention  of  infestation  of 
bagged  wheat. 


Treatment 

Dosage 
percent 
by  weight 

Insects  found  after  3 months* 

Alive 

Dead 

Bag  treated  with 

1 sawtoothed  grain  beetle 

DDT  sol. 

6.0 

0 

1 rice  weevil 

Do. 

5.0 

0 

1 cadelle  larva 

4 sawtoothed  grain  beetle 

Bag  treated  with 

1 cadelle  larva 

2 cadelle  larvae 

DDT  sol. 

1.0 

1 sawtoothed  grain  beetle 

6 sawtoothed  grain  beetle 

Do. 

1.0 

1 cadelle  larva 

2 cadelle  larvae 

1 sawtoothed  grain  beetle 

9 sawtoothed  grain  beetle 

Bag  treated  with 

5.0 

4 sawtoothed  grain  beetle 

2 cadelle  larvae 

methoxy  analog 

13  sawtoothed  grain  beetle 

of  DDT 

2 rice  weevil 

Do, 

5.0 

0 

4 cadelle  larvae 

1 rice  weevil 

Do. 

1.0 

2 Indian  meal  moth  larvae 

0 

Do. 

1.0 

1 cadelle  larva 

4 cadelle  larvae 

1 sawtoothed  grain  beetle 

6 sawtoothed  grain  beetle 

Grain  treated; 

0.05  ' 

1 cadelle  larva 

6 cadelle  larvae 

MgO  ♦ DDT 

2 cadelle 

1 rice  weevil 

f _ 1^0. 

6.05 

1 cadelle  larva 

2 cadelle  larvae 

2 rice  weevil 

Grain  treated: 

0.05 

3 sawtoothed  grain  beetle 

24  sawtoothed  grain  beetle 

MgO  5^  DDT  : 

4 rice  weevil 

Do. 

0.05 

0 

4 sawtoothed  grain  beetle 

1 rice  weevil 

Grain  treated: 

0.05 

1 sawtoothed  grain  beetle 

1 flour  beetle 

Ceresan 

Numerous  sawtoothed  grain 

beetle  larvae' 

Do. 

0.05 

0 

2 rice  weevil 

- Except  where  indicated,  insects  listed  are  adults 
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Table  8 (continued) 


: Dosage  : 
i Percent 

Treatment  ;by  weight 


Insects  f bum  ' aft  e r 3 months  * 


Alive 


Dead 


Grain  treated:  ; 
MgO  10^  F-nitro: 
chloro-benzene  : 


Do. 


Grain  treated : : 

Ceresan  -»•  1%  DDT: 


Do. 


Do, 


Do. 


Grain  treated: 
Barbak 


Do, 


Grain  treated:  i 

Barbak  + 1%  DDT 


Do. 


Grain  treated:  ; 

2.%  benzene  : 
hexachloride 


Do, 


Check:  No  treat- 
ment 


Do. 


0,1 


5 cadelle 


0,1  : 1 rice  weevil 


0.05  : 0 

I 


0.05 


0.005 


0.005  : 0 

t 


0.2  : 1 cadelle 


0.2 


0.05 


0.05 


0.05 


3 cadelle  larvae 


v,T 


: 0 


( 3 cadelle  lanvae 


4 cadelle  larvae 
2 sawtoothed  grain  beetle 
2 rice  weevil 


5 sawtoothed  grain  beetle 
2 rice  weevil 


} 4 cadelle  larvae 
6 sawtoothed  grain 


beetle 

2 sawtoothed  gr^ain  beetle 


3 cadelle  larvae 
i 1 sawtoothed  grain  beetle 


i 6 cadelle  latvae 
: 8 sawtoothed  grain  beetle 
: 1 rice  weevil 
s 

: 1 cadelle  larvae 
: 3 sawtoothed  grain 

; 

t 6 sawtoothed  grain 
: 5 rice  weevil 


beetle 

beetle 


0.06 


1 sawtoothed  grain  beetle 


3 cadelle  larvae 
*12  sawtoothed  grain 
1 flour  beetle 


■t 

beetle  ^ 


2 sawtoothed  grain  beetle 


1 1 cadelle  larva 

2 1 sawtoothed  grain  beetle 
: 2 Indian  meal  moth  larvae 


3 sawtoothed  grain 
3 Indian  meal  moth 


beetle 

larvae 


10  Indian  meal  moth  larvae 
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Effect  of  Tea^eraturet  Moisture  and  Dockage  c«i  the  Survival  and 
Reproduction  of  the  Red  Flour  Beetle* 


In  Report  No*  17  partial  results  of  a series  of  tests  conducted 
with  the  red  flour  beetle  at  90®  P*  were  discussed e !This  series  was 
ccmipleted  during  the  past  quarters  and  results  on  the  percentage  of 
survival  of  adults  are  summarised  in  table  9.  In  wheat  with  a 9^ 
moisture  content  all -adults  were  dead  in  the  clean  wheat  lot  after 
two  weeks  ji  and  after  eleven  weeks  in  the  lot  eontaining  0*6^  dockage. 

In  the  lots  containing  1»  2,  4#  and  ^dockages  there  was  no  differ- 
ence in  the  percentage  of  survival  attributable  to  presence  of  in- 
creased amounts  of  dockage » until  the  19th  week.'  At  this  time  the 
percentage  of  survival  in  the  1^  dockage  lot  had  dropped  to  5^»  while 
the  and  lots  had  a survival  of  30 » 20«  and  respectively* 

In  the  series  containing  12^  moisture  wheat*  the  low  percentage 
of  survival  in  practically  all  lots  was  finally  attributed  to  the 
fact  that  the  whole  wheat  flour  which  was  used  as  dockage*  had  had 
some  sulfuric  acid  solution  spilled  on  it?  which  was  not  noticed  at 
the  time  that  the  series  was  set  up*  In  order  to  get  the  flour  ad- 
justed to  the  proper  moisture  content  it  is  held  In  a desiccator  over 
a solution  of  sulfuric  acid  ?diqse  density  is  adjusted  to  furnish  the 
desired  relative  humidity* 

In  the  15^  moisture  vsries  there  was  little  difference  in  the 
percentage  of  survival  in  the  various  dockage  lots  until  after  the 
13th  week*  Following  this  length' of  time  there  is  a slight  difference 
in  favor  of  the  lots  containing  increased  amounts  of  dockage^ 

This  series  of  tests  en^hasizes  results  of  other  tests  previously 
conducted^  in  that  dockage  has  little  significance  in  the  percentage 
of  survival  in  a given  moisture  range*  However*  some  dockage  must  be 
present  in  the  drier  wheat#  which  is  too  hard  for  the  adults  to  feed 
upon^.  In  15^  moisture  i«dieat#  the  adults  are  able  to  survive  in  cleeua 
wheat  almost  as  well  as  in  wheat  with  dockage. 

Prom  the  standpoint  of  reproduct icai  the  amount  of  dockage  is  very 
in^ortant.  Table  10  shows  the  weekly  recovery  of  pupae  for  the  series 
of  tests  conducted  at  90®  p.  At  this  temperature  the  first  pupae  were 
recovered  at  the  end  of  the  third  week^  Fairly  large  numbers  of  pupae 
were  recovered  during  the  3rd#  4th#  and  5th  weeks.  In  the  moisture 
series*  recovery  of  pupae  was  complete  after  the  7th  week.  In  the  12 
and  15^  series  by  far  the  majority  of  pupae  were  recovered  during  the 
3rd#  4th#  and  5th  weeks  after  which  the  numbers  recovered  were  very 
irregular#  although  some  pupae  were  recovered  until  the  series  was  dis- 
continued. In  general  however#  the  nund>er  of  pupae  recovered  increases 
as  the  moisture  content  of  the  wheat  increases  and  as  the  amount  of 
dockage  in  the  wheat  increases. 


e - Reported  by  R.  T.  Cotton  and  J.  C.  Frankenfeld. 
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Table  9. tentage  of  survival  of  thte  rted  flour  beotle  in  9i 
12 i and  15^  meistufe  wheat#  with  varying  amounts  of 
dockage  dt  90^  Fi  (Continued  from  July-Sopt.  1945  report.) 
Re^jotti)  - . 


Moisture  Oontent 
of  Whedt  and 
food  medid 

» 

1 2 

^eJ*cen't£ge  j 

^Ijfviyal'  after 

1 11th  slZth : 13th ! 14th i 18th i 16tH j 17th 1 18th ; 19th 
urask  iweek  :wsek  |#eek  :if.ek  sweek  :we  ak  iweek 

T 

• 

r 

: t 

t 

• 

9fo  T^heat 

t k 

t 

m 

e 
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i . i 

. 

t 

1 

■ 

t . A 

i 
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0 
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A i 

1 
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i . ■ 

Same  -¥  0*5%  Dockage 

0 

i 

• 

t 

i : 

t 

t 

same 

60 

60 

; 

55 

45  1 

40 

t 30  : 

26 

♦ 

m 

20 

: 5 

Same  ♦ 2.0^ 

»* 

t 80 

75 

a 

e 

65 

e 

• 

60^  i 

55 

: 40  c 

30 

t 

30 

; 30 

Same  -r  ^JOfo 

It 

4 

60- 

50 

# 

45 

• 

• 

35  : 

35 

i 30  : 

25 

: 

26 

t 20 

Same  ♦ 8.C9S 

^ ^ 

75 

65 

i 

65 

• 

• 

60  i 

55 

: 55  : 

60 

e 

35 

: 26. 

12%  TlVheat 

t 

• 

• 

w 

e 

• 

• 

• • 
1 . t 

• 

r 

a 

« 

• . 

• 1 

i 

t 

3 

i 

Clean  wheat 

20 

20 

: 

15 

10  1 

10. 

ly  5.  A 

5 

3. 

5 

3-.  6 

Same  -f  0.5^  Dockage 

36 

30 

e 
• . 

25. 

t 

25  : 

15 

A 15  : 

10 

a 

e 

lo 

10 

Sane  1.09^ 

n 

60  t 55 

1 

35 

t 

25  s 

25 

25  A. 

15 

• 

.♦ 

10 

3 10 

Same  4 2 m0% 

tt 

36 

35 

f 

35 

f 

35.  J 

35 

X 56  : 

35 

t 

30 

: 30 

Same  -f  4*0^ 

a 

4 

r.  0 

1 

: i 

t 

i 

Same  + 8*C^ 

n 

i-  5 : 

6 

• 

e 

5 

* • 

0 % 

i . t 

s 

t , 

4 

4 

t 

t 

e» 

« • 

e « 

9 

: 

I59S  Wheat 

; 

• 

e 

: , . 1 

S 

• 

9 

« 

i 

i 

• 

• 

» 

: i 

1 

9 

9 

Clean  wheat 

90 

80 

• 

80 

: 

70  1 

65 

i 56 

50 

• 

e 

30 

i 20 

Same  & 0,5%  Dockage 

90 

85 

• 

* 

85 

• 

• 

85  j 

75 

: 55  : 

• 60 

0 

9 

40 

4 40 

Same  +>  1.0^ 

M 

95 

90 

•• 

80 

76  : 

60 

t 55  9 

45 

9 

9 

35. 

: 25 

Same  ■¥  Zp(% 

n 

80  i 

'80 

• 

• 

80 

1 

75  : 

65 

i 60  : 

60 

4. 

.40 

; 40 

Same  ^ ^,0% 

n 

90  ; 

90 

; 

90 

• 

• 

90  : 

90 

A 90  : 

90 

t 

70 

: 55 

Same  8.(^ 

n 

95 

90 

i 

90 

i 

85  { 

85 

; 80  ; 

75. 

: 

75 

3 75 

i t 


it 


1 


Table  10,-- ‘Weekly  recovery  of  T • ' oaetaneum  pupae  from  9*  12,  and  15^  moisture  |wheat  with  varying  amounts  of 
dockage  at  90*  F« 
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In  another  series  of  tests  which  has  been  in  progress  for  16 
weeksr  a constant  temperature  of  75*  F*  was  used-  The  percentage 
of  survival  at  weekly  Intervals  is  sumirarized  in  table  11.  Here  : 
again*  except  in  the  ^ moisture  series*  the.  amount  of  dockage 
present  in  the  wheat  has  no  effect  upon  the  survival  of  adults.  In 
the  clean  wheat  lot'  of  the  9^  moisture  series*  all  adults  had  died 
by  the  end  of  the  6th  week.  At  the  end  of  the  l6th  week^  there  was 
^ some  .significant  reduction  in  survival  in  the^O.S^  and  1.0^  dockage 
lots.  In  the  12  and  ISjS  moisture  series  there  is  no  significant 
difference  in  survival  either  as  affected  by  moisture  or  by  dockage. 

Reproduction  of  the  red  flour  beetle*  although  greatly  reduced 
at  a constant,  ten^erature  of  75*  follows  much  idie  same  pattern 
as  was  true  in  our  tests  at  other  ten^eratures*  < That  is*  reproduction 
increases  as  the  moisture  content  of  the  grain  is  increased*  and  as 
. the  amount  of  dockage  is  increased.  The,  period  of  time  .elapsed  from 
the  start  of  the  test  until''the  first  pupae  are  recovered  varied  con- 
siderably at  the  different  moisture  levels*  and  also  for  the  different 
dockage  lots  within  a given  moisture  level.  Thus*  the  first' pupae 

• were  recovered  in  the  15%  moisture  wheat  after  six  weeks.  In  the  12^ 
wheat  the  first  pupae  were  recovered  in  4 and  8%  dockage  lots  after 

; six  weeks;  in  0.5*  1*  and  2%  dockage  lots  after  7 weeks;  and  not  until 
after  8 weeks  in  the  clean  wheat.  Ih  the  Series  the  firs^  pupae 

• were  recovered  in  the  4 and  8^  dockage  Tots  after  8 weeks*  and  in  the 
0.5,  1*  and  2%  lots  after  9 weeks.  Again*  as  in  all  of  our  previous 
tests  there  is  a tendency  for  reproduction  to  be  concentrated  over .a 
few  weeks i after  which  it  is  greatly  retarded  or  ceases  entirely- 

effort  is  being  made  to  determine  what  factors  influence  this 
apparent  cessation  of  reproduction  in  our  tests.  Records  of  other  in- 
vestigators show  that  this  species  !say  lay  viable  eggs  for  periods  'of 
a year  or  more-  The  first  of  these  efforts  deals  with  the  changing  of 
the  food-  media-.  In  all  of  our  testar  on  the  effect  of  temperature*  . 
moisture*  and  dockage*  we  used  the  same  food  throughout  the  length  of 
a given  series.  On  the  assumption  that  the  presence  of. adults  in  a 
given  quantity  of  food  may  affect  their  potential  rate  of  reproduction* 
a series  of  tests  were -started  in  which  the  food  was  changed  at  variable 
intervals.  In  one  lot' the- food  is  changed  at  weekly  intervals*  in  a 
second,  lot  the  food  is  changed-  every  four  weeks*  and  in  a third  lot*  the 
food  is  left  unchanged.  The  eggs  are  sifted  from  the  flour,  from  each 
lot  twice  a week  and  counted.  Since  we  experienced  similar  conditions 
in  our- tests  with  the  confused  flour  beetle*  a like  series  was  set  up 
for  this  species  also.  Twenty  grams  of  finely  ground  whole  wheat  flour 
are  used  in  each  lot*  into  which  10  unmated  females  and  10  unroated  males 
were  admitted  at  the  start  of  the  tost.  . Erlenmeyer  flasks  containing 
the  flour  and  insects  are  kept  ert  a constant  temperature  of  75*  F-  and 
a relative  humidity  of  4^. 
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Table  12,— Weekly  recdvery  of., T.  castaneum  from  9»  12^  and  15^  moisture 
; wheat  with  Varying  amounts  of  dockage  at. 76*  F*  : 


Moisture  content 
of  wheat  and 
food  media 
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Table  13  summarized  the  nuirber  of  eggs  laid  in  each  of  the 
above  lots  at  weekly  intervals*  It  will  be  noted  that  the  chang- 
ing of  the  food  media  has  a very  decided  effect  upon  the  total 
nunfcer  of  eggs  laid  by  both  species.  Thus^  after  12  weeks ^ 

T.  oastaneum  adults  laid  a total  of  1»759  eggs  when  the  food  was 
cEanged  at  weekly  intervals;  1#561  eggs  when  the  food  was  changed 
every  four  weeks;  and  783  when  the  same  food  was  used.  Practically 
the  same  relationship  holds  true  in  case  of  T.  ocnfusum.  The  adults 
of  this  species  laid  2^503  eggs  when  the  food  was  changed  at  weekly 
intervals;  2,406  when  changed  every  4 weeks;  and  1,127  eggs  when  the 
food  was  not  changed*  Over  a period  of  12  weeks  there  is  no  indica- 
tion of  a decrease  in  the  rate  of  oviposition,  but  rather  the  weekly 
total  of  eggs  laid  seems  to  be  on  the  increase. 

Another  series  of  tests  conducted  at  a constant  ten^erature  of 
65*  F.  has  been  in  progress  for  10  weeks.  Table,  14  summarizes  the 
weekly  percentage  of  survival  in  the  various  moisture  and  dockage 
lots.  Here  again  the  amount  of  dockage  has  apparently  little  effect 
on  survival  except  in  the  dry  wheat. 

Ko  reproduction  has  as  yet  been  observed  in  any  of  the  tests. 


Table  13.— Egg  laying  record  of  10  female  T-  castaneum  and  10  female 

T,  confusum  over  a period  of  12  weeks  at  75“  f.  and  4^  R.H. 
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Table  l4*— Percentage  of  survival  of  the  red  flour  beetle  in  9^  12#  and 
15^  moisture  wheat  with  varying  amounts  of  dockage  at  65 F« 
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